Abstract: A significant number of older asthmatics, more often than in previous ages, have poorly controlled asthma, leading to increased morbidity and mortality. On the other hand, current guidelines suggest that most asthmatics can obtain achievement and maintenance of disease control and do not include sections specific to the management of asthma in the elderly so that it is more evident the contrast between poor control of asthma in the elderly and the lack of specific guidance from guidelines on asthma management in older asthmatics. Inhaled corticosteroids are the cornerstone for older asthmatics, eventually with add-on inhaled long-acting beta-agonists; inhaled short acting beta-agonists can be used as rescue medications. Triggers exacerbating asthma are similar for all ages, but inhaled viruses and drug interactions have greater clinical significance in the elderly. Older asthmatics have an increased likelihood of comorbidities and polypharmacy, with possible worsening of asthma control and reduced treatment adherence. Physicians and older asthmatics probably either do not perceive or accept a poor asthma control. We conclude that specific instruments addressed to evaluate asthma control in the elderly with concomitant comorbidities and measurements for improving self-management and adherence could assure better disease control in older asthmatics.
Introduction
Asthma is a chronic inflammatory bronchial disease associated with airway hyperresponsiveness, variable airflow obstruction, and episodes of wheezing, breathlessness, and cough; although these symptoms are common to many other diseases, in asthma they have a marked variability in response to a range of environmental stimuli, such as inhaled viruses, allergens, and drugs, often permitting the suspicion of diagnosis on a clinical basis (see Table 1 ). [1] [2] [3] [4] [5] Asthma is widespread for all classes of age, including the elderly. The term elderly usually refers to persons aged 65 years or older, a largely increasing population worldwide. The physician-diagnosed prevalence of asthma in older adults is between 6% and 10%, just as in any other age group. 6 Asthma in older adults is either diagnosed after the age of 65 years or with a history of long-standing disease. In a cohort study of 1485 older asthmatics recruited by chest physicians, almost a quarter were diagnosed after 65 years. 7 The goal of asthma treatment is achievement and maintenance of disease control. [1] [2] [3] [4] [5] Uncontrolled asthma is more common in older adults than in previous ages with a substantial clinical burden, a greater proportion of asthma medications prescriptions, hospitalizations, and death.
The aim of this study is to assess the current modalities of asthma management in the elderly with reference to causes of uncontrolled disease and possible adjustments. Management of acute asthma is beyond the scope of the present work and interested readers are referred to other reviews. [1] [2] [3] [4] This review includes results from the literature judged to be relevant on the topic. The PubMed database was searched using the keywords "asthma" in combination with "elderly" or "aging" or "older" up to March 2013. The selection of articles was not systematic. Studies were not graded by criteria defined a priori.
Asthma control
Guidelines emphasize the need to use disease control to base adjustments on treatment for all ages. [1] [2] [3] [4] [5] With slight differences among guidelines, 14 asthma control is usually established using some clinical and physiological outcomes assessed by the patient's recall of the previous 4 weeks, as shown in Table 2 . Likewise, although the concept of asthma control is the same for all ages, its proper recognition in the elderly may be complicated because older asthmatics have a reduced perception of bronchoconstriction, 15, 16 tend to attribute cough or exertional breathlessness to age alone, 17, 18 and confuse symptoms of asthma with those of other chronic concomitant comorbidities, such as chronic obstructive pulmonary disease (COPD) and heart failure. 19 Some questionnaires, mainly based on some clinical variables, can help clinicians to assess asthma control. However, they are validated in a range of ages, but not specifically in the elderly. [20] [21] [22] Other variables, namely treatment side effects, frequency and severity of exacerbations, and decline in lung function are also used for a full evaluation of disease control, but require longer observation over time. [1] [2] [3] [4] [5] Some physiologic measurements, such as peak expiratory flow monitoring, are used to evaluate asthma control, although offer no advantage over symptoms monitoring in older adults with moderate to severe asthma.
. 23 Monitoring with spirometry is underused in the elderly. 8 Other variables, such as fractional exhaled nitric oxide measurements, are not routinely useful for assessing asthma control, at least in the elderly. 24 Guidelines recommend a stepwise approach for management according to the individualized assessment of asthma control, as shown in Table 3 . At each step, a preferred option and alternatives are identified: when asthma is uncontrolled, treatment is required to be increased to the next step; by contrast, when asthma is controlled, a reduction in the amount of treatment may be organized. [1] [2] [3] [4] [5] This process requires that asthma control is monitored by health care professionals and, preferably, by the patient at regular intervals. 19 The frequency of follow-up assessments depends upon the patient's initial clinical severity and the patient's confidence in playing a role in his/her ongoing asthma control (self-management). Typically, patients are seen 1-3 months after the initial visit and every 3 months thereafter, but the interval is shorter after an exacerbation. A document specifically created to manage older asthmatics confirms these recommendations.
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Inhaled corticosteroids
Inhaled corticosteroids (ICS) are the cornerstone of asthma anti-inflammatory therapy. Guidelines recommend regular daily long-term ICS use for all subjects with uncontrolled or partly controlled asthma. [1] [2] [3] [4] [5] In these conditions, several studies have demonstrated the efficacy of ICS in assuring asthma control. 5, 26 The decision of proper ICS dosing is based on the clinician's judgment of the response to treatment. [1] [2] [3] [4] [5] However, most benefits are achieved in adults at relatively low doses, equivalent to 0.2-0.4 mg of beclomethasone dipropionate (BDP) or equivalent per day that seldom sustain systemic effects even for long-term regular use. 27 Increasing to higher doses provides relatively little further benefit in terms of asthma control, but increases the risk of side effects. 27 The estimated comparative daily doses of different ICS through inhalers are reported in Table 4. 1-5 Different ICS may marginally influence safety and effectiveness by several factors, such as oral bioavailability, different pharmacokinetics, and on-site activation into the lung. 29 ICS are usually delivered via inhalers, either metered dose inhalers (MDI) or dry powder inhalers (DPI); although ICS can also be nebulized, this method of delivery is seldom used as current formulations Table 3 Stepwise approach to asthma therapy [1] [2] [3] [4] Step 1
Step 2 Step 3
Step 4 Step 5
Step 6 Preferred: SABA as needed Step up when needed (first check adherence, inhaler technique, and environmental control) Assess control:
Step down if possible when asthma is well-controlled for at least 3 months
Abbreviations: ICS, inhaled corticosteroids; LABA, long-acting β 2 -agonists; LTRA, leukotriene receptor agonists; SABA, short-acting β 2 -agonists. are available as suspensions that have poor and variable lung drug delivery. 30 Recently, the replacement of MDI propellants with more ecological formulations has permitted the modification of the characteristics of some ICS, delivering extra fine particles and increasing lung drug delivery; perhaps targeting smaller airways, some studies of real-life use attribute some advantages to these extra fine ICS with respect to traditional MDI, even at equipotent doses.
31-33 ICS do not cure asthma and when they are discontinued, deterioration of control follows within weeks to months in most patients. 34 However, not all asthmatics respond to ICS; failure of ICS treatment occurs in up to 25%-35% of patients. 28 Asthmatic phenotypes characterized by neutrophilic inflammation of the airways are less likely to respond to ICS than those with prevalent eosinophilic inflammation. 35 In older asthmatics neutrophilic airway inflammation is more common than in previous ages. 36 Likewise, although extensive specific information is not available, clinical studies do not support that ICS in older adults have less efficacy than in younger ages. 5 Probably, in real life nonadherence to ICS is a more important problem and particularly in older asthmatics. 19 In a large US survey, elderly asthmatics received a greater undertreatment submit your manuscript | www.dovepress.com Dovepress Dovepress of ICS than previous ages. 37 Most older patients admitting to emergency departments for asthma symptoms were not using ICS. 10 In another group of 6254 elderly adults consecutively admitted to hospital with asthma in Ontario, those patients identified as users of ICS post-discharge were respectively 29% readmitted referrals to hospital and 30% of those who died over a 1-year follow-up period.
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Inhaled beta-agonists
Inhaled β 2 -agonists are the most effective reliever in asthma. [1] [2] [3] [4] [5] According to the duration of action, they are classified into either short-acting β 2 -agonists (SABAs) or long-acting β 2 -agonists (LABAs). Albuterol is by far the most commonly used SABA. Formoterol and salmeterol are the most commonly used LABAs. Formoterol, like albuterol, is a fast-acting reliever. Albuterol and (in some countries) formoterol are not only available by inhalation, but also by nebulization. There is no clinical difference between different devices for β 2 -agonists' delivery. 39 However, inhalers are less cumbersome and more convenient than nebulizers and preferred if proper inhaler technique is obtained.
The number of β 2 -adrenergic receptors on the smooth airway muscles decrease with aging. 40 The response to SABAs has been shown to decline with age 41 and older asthmatics admitting to emergency rooms may be less responsive to albuterol than younger asthmatics. 10 By contrast, current studies do not support that LABA use in older adults is less effective than in younger ages. 1 -5 Guidelines recommend that asthmatics should have access to an inhaled fast-acting bronchodilator for rescue from acute symptoms. [1] [2] [3] [4] [5] SABAs should not be utilized more than 2-3 times a week because regular use of SABAs alone is dangerous. 42 LABAs should never be used alone as long-term regular monotherapy for asthma because they may be dangerous. 43, 44 When a low to medium ICS dose alone is unable to control asthma, the addition of an LABA has advantageous effects on lung function, symptoms, and exacerbations. 45 LABAs and ICS can be administered either separately or combined. Manufacturers have produced a combination of LABAs and ICS in a single inhaler, suggesting that it can optimize adherence with respect to separate inhaler use. 46, 47 Effectively, they ensure that LABAs are necessarily accompanied by ICS and their use is now widespread in real life. Even if used concomitantly with ICS, adverse effects of LABAs are not necessarily a nonissue 48 and they should be stopped when possibile. 49 Concerns remain about the ultimate major cardiovascular safety of LABAs. Nevertheless, minor adverse outcomes are common in older asthmatics using LABA/ICS combinations at daily recommended dosages: a survey found that, 41% and 51% of patients reported side effects attributed to ICS and LABA, respectively; the most common side effects were voice changes, sore throat, and tremors. 50 LABAs/ICS are currently used as a twice -daily regimen, but efforts have been made to develop a once-daily combination to simplify treatment and, possibly, increase adherence: indacaterol/mometasone, and vilanterol/fluticasone furoate are being developed and are two possible options.
Leukotriene receptor antagonists
Several studies have demonstrated that leukotriene receptor antagonists (LTRAs) are well tolerated and improve asthma control at all ages, 51 including the elderly. 52 LTRAs seem to be particularly useful in asthmatics with concomitant rhinitis, 53 and who smoke. 54 Once-daily orally administered montelukast is the most prescribed LTRA. When used alone, LTRAs are not as effective as ICS, 51 but they are the first alternative to ICS in older asthmatics who prefer a nonsteroid drug or who cannot tolerate ICS. LTRAs are used as an alternative to LABAs in addition to ICS, but the combination treatment of LABAs/ICS has more efficacy. 55 Recently, LTRAs have been proposed in the elderly with difficult-to-treat asthma for steroid resistance.
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Biological agents
Several biological agents are in advanced phases of study in asthma, but only omalizumab, a monoclonal antibody directed against serum immunoglobulin E (IgE), is currently a therapeutic option in severe asthmatics, 56 including the elderly. 57 Omalizumab is used as add-on therapy in allergic patients with elevated serum levels of IgE and severe asthma uncontrolled with high doses of ICS, or requiring systemic corticosteroids, where it reduces the incidence of exacerbations, emergency room visits, and improves quality of life. 56 Omalizumab is administered as a subcutaneous injection every 2 to 4 weeks depending on dose. Its cost is higher than that of other asthma therapies. There is no evidence of a persistent beneficial effect after stopping its use. 58 It has marked variability in response, being, to date, not clear what differentiates a responder from a nonresponder. The most common side effects of omalizumab are local symptoms at the site of injection, and with a small risk of anaphylaxis, corresponding to 0.09% of cases in postmarketing surveillance studies. 59 
Systemic corticosteroids
A goal of asthma management is to achieve disease control with no or minimal use of systemic corticosteroids. In fact, submit your manuscript | www.dovepress.com Dovepress Dovepress although systemic corticosteroids are very effective in asthma, their prolonged use is limited by the risk of significant adverse effects, such as adrenal failure, osteoporosis, diabetes mellitus, cataract, glaucoma, hypertension, psychosis, skin bruising, muscle weakness, gastritis, and peptic ulcer that warrant caution and monitoring. [1] [2] [3] [4] However, long-term systemic corticosteroid use is sometimes required for severely uncontrolled asthma or as a burst to treat exacerbations. To this aim, oral prednisolone at daily dose of 0.5-1.0 mg/kg or equivalent is often given for at least 5 days, 4, 60 but the doses and duration should be individualized based on previous or current response. In addition, corticosteroids are also used for controlling a variety of diseases and in the elderly their weaning is a bigger challenge than in younger ages. Tapering is necessary after long-term use or recurrent bursts with systemic corticosteroids. Out of emergency oral preparations are preferred to intravenous and intramuscular formulations because they are equally effective and more practical.
Inhaled anticholinergics
Inhaled ipratropium, the most commonly used short-acting anticholinergic, is not a first-choice as a reliever, being less effective than β 2 -agonists. However, some elderly patients have a particularly good response to anticholinergics. 61 In uncontrolled asthma, despite ICS/LABA use, the addition of once-daily tiotropium may give a significant improvement in forced expiratory volume in 1 second (FEV 1 ) and symptoms. 62 In many countries, tiotropium is available with either the DPI HandiHaler ® (Pfizer, Inc, New York, NY, USA) or the soft mist inhaler Respimat ® (Boehringer Ingelheim, Ingelheim, Germany). However, the release of tiotropium via Respimat has been associated with an increase in deaths, mainly in the elderly with known cardiac rhythm disorders, so it is advisable to use the DPI for its delivery until the current concerns are excluded. 63 Possibly, tiotropium and other long-term anticholinergics might be useful as add-on treatment in moderate to severe asthma, but currently their use is off-label and has not yet translated into specific treatment guidelines.
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Other treatments
Theophyllines, usually used as oral sustained-release formulations, are a third-choice, but may provide a benefit as add-on therapy in patients who do not achieve control with ICS/LABAs. [1] [2] [3] They have a relatively small therapeutic index with significant side effects, particularly at higher doses and in the elderly. 25 Long-term use of macrolides is gaining popularity in neutrophilic forms of difficult-to-treat asthma. [64] [65] [66] It is not clear if the beneficial effect of macrolides is due to antibiotic or immunomodulatory effects. Roflumilast, a phosphodiesterase-4 inhibitor with antiinflammatory properties, has shown some efficacy with tolerable gastrointestinal side effects in patients with mild to moderate asthma. 67 Further trials are necessary to determine its role in asthma treatment.
Immunosuppressers, such as methotrexate, cyclosporins, tacrolimus, azathioprine, and gold salts are seldom used in asthma because they sustain a variety of side effects that usually do not offset their steroid-sparing effect. 3 Bronchial thermoplasty is a relatively safe bronchoscopic procedure in which radiofrequency energy is used to reduce bronchial smooth muscle wall thickness. If more clinical data will confirm its potential, bronchial thermoplasty might eventually become an option in severe asthma resistant to pharmacological management.
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Trigger avoidance and the role of comorbidities
Allergy has a well-known role in asthma, even if, overall, it seems to wane with age. 69, 70 However, asthma in the elderly may be associated with allergic triggers. 70 There is scarce evidence about whether measures to create a low-allergen environment are effective for improving asthma control in the elderly. The role of specific immunotherapy in elderly asthmatics is limited, but specific allergen immunotherapy may be an appropriate adjunctive therapy when a clear relationship exists between symptoms, allergen exposure, and positivity to a skin test. 71 Asthma exacerbations are often sustained in the elderly by a variety of nonallergenic triggers, such as viral infections, pollutants, and drugs. Elderly asthmatics often perceive viral infections as common triggers and two thirds reported seasonal worsening in winter. 72 Patients with moderate to severe asthma should be advised to receive an influenza vaccination every year; they are safe and have a small risk of pulmonary complications. 73 From the 1991-2002 Medicare Survey, 72% of older subjects received influenza vaccinations. 74 Several epidemiologic studies suggest an association between outbreaks of asthma exacerbations and exposures to air pollutants; 75 environmental tobacco smoke is an important and modifiable air pollutant.
75 Surprisingly, active smoking is common among asthmatics. 76 Asthmatics who smoke often have poor disease control 76 and diminished responsiveness to ICS 54, 77 and systemic corticosteroids. 78 It is generally believed that the damage from smoking has already been done in the elderly, but, although more beneficial when achieved early, submit your manuscript | www.dovepress.com Dovepress Dovepress quitting is always useful 79 and has to be encouraged for all asthmatics who smoke, because clinically useful, traditional drugs used for support in smoking cessation have been safely and successfully used in the elderly. 80 Physical activity is important for patients with chronic respiratory diseases. It has been found that exercise training improves quality of life in older asthmatics. 81 Older asthmatics have an increased risk of comorbidities, as shown in Table 5 . 82 In a survey, the prevalence of comorbidities in asthmatics was 22% higher than in healthy counterparts of similar age. 83 Several studies have also found an association between uncontrolled asthma and comorbidities and the proper treatment of some comorbidities may successfully contribute to asthma control. 82 On the other hand, treatment of other comorbidities, such as hypertension, congestive heart failure, arthrosis, and glaucoma can sustain or worsen asthma. 82 Possibly nonsteroidal anti-inflammatory drugs 84 and β-blockers, 85 including topical formulations, 86 are the most well-known drugs causing asthma exacerbations and should be avoided in patients with a history of unfavorable outcomes with these agents. Paracetamol and some selective cyclooxygenase-2 inhibitors, such as celecoxib and etoricoxib, and some newer beta-blockers may be a safer alternative.
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Role of education
The role of education in asthma management is essential and its key components are displayed in Table 6 .
1-4
The main goals of education are to achieve the patient's self-management and improve adherence. Self-management requires not only the acquisition of knowledge and skills, but also behavior changes in order to achieve positive health effects. 89 Even if older asthmatics may be more prone to accept a passive approach and be less involved or not seek 90 self-management is possible and effective even in the elderly and may also contribute to improve adherence. [93] [94] [95] Adherence is defined as the degree to which patient behaviors coincide with the recommendations of health care providers. 96 Adherence is a major problem for treatment of all chronic diseases, including asthma. Nonadherence significantly contributes to asthma mortality, 97 hospitalizations, 98 high health care costs, 95 and increased exacerbations. 99 It is useful to distinguish between intentional and unintentional nonadherence. Intentional nonadherence occurs when the patient decides either not to take the drug, to only take it from time to time, or to take a different dosage than prescribed. 96 Possibly, at similar baseline conditions, older asthmatics have the same degree of intentional nonadherence with respect to previous ages, even if in real life they often suffer from conditions predisposing them to nonadherence, such as polypharmacy and depression. 100, 101 Unintentional nonadherence occurs when a patient involuntarily does not follow medical prescriptions. 96 Poor inhaler technique is a variety of unintentional nonadherence 96 and it is common in asthma, as the most important drugs used for its managesubmit your manuscript | www.dovepress.com Dovepress Dovepress ment are administered by inhalation. The effective use of inhalers is critically dependent upon the patient's ability to utilize the device properly. Although inhaler misuse may be due to a poor device choice for an individual patient, more often it occurs for lack of proper education. 102 Unfortunately, poor inhaler technique is commonly observed for all inhaler devices, is associated with poor asthma control, 103 and with increased age. 102 The most important modifiable factors associated with improved inhaler use for both MDI and DPI are the provision of instructions (practical education being better than verbal) at the first prescription and regular checks at each follow-up visit by trained heath caregivers. 102 Because the problem of inhaler misuse is neglected by patients and physicians, inhaler education should be an integral part of the routine management of any asthmatic patient.
Conclusion
Current guidelines do not include specific sections for the management of asthma in the elderly, supporting the view that drugs that are useful in managing asthma in the elderly are as effective as for other age groups. This is only partially evidence-based, as many randomized trials of treatment exclude older asthmatics. 104 According to this view, other reasons explain the greater percentage of uncontrolled asthma in the elderly, with increased morbidity and mortality.
A first cause is that many elderly patients perceive or tolerate substantial asthma symptoms, perhaps having low expectations about the degree of control that is possible. A second cause is that older asthmatics often suffer from many other comorbidities, which, directly or by treatment, may worsen the control of asthma. Possibly, patients and physicians often make tradeoffs with these comorbidities and do not treat asthma, considering it to be less dangerous. Importantly, guidelines do not include specific extensive sections for patients with multiple comorbidities and polypharmacy, a very common situation in the elderly; when guidelines describe possible interactions between diseases and with other drugs taken concomitantly, the discussion is superficial and limited to a few generic warnings, while drugdrug interactions often largely contribute to worsen asthma control in older adults. This calls for a shift in clinical research towards more pragmatic trials to generate more applicable evidence according to the peculiarities and the needs of older asthmatics. 105, 106 A third cause is poor adherence. It also includes inhaler misuse, which is particularly common in the elderly and often not contrasted efficiently.
We conclude that despite the fact that a variety of treatment options for good asthma management are available, in real life many elderly asthmatics suffer from poor disease control. The main reasons are that older asthmatics tolerate or do not perceive poor symptom control, are not encouraged to develop self-management, and have poor adherence to medications including common inhaler misuse. Concomitant comorbidities and/or related treatments may also contribute to poor asthma control. Identification and use of specific instruments addressed to evaluate asthma control in the elderly with concomitant comorbidities as well as measurements for improving self-management and adherence are needed for better asthma control in the elderly.
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